gas prices and highlights recent trends in natural gas usage at both the industry and national levels. The article concludes with some empirical findings that generally suggest that rising natural gas prices predict growth in only a handful of manufacturing industries. Perhaps surprisingly, higher natural gas prices do not predict slower growth for the three industries where expenditures on natural gas are a relatively large share of total industry shipments: primary metals, nonmetallic mineral products, and chemicals. In terms of the aggregate economy, increases in crude oil prices significantly predict the growth of real gross domestic product (GDP), but increases in natural gas prices do not. From 1954 From to 1978 , the price of natural gas transported through the interstate pipeline system was regulated by the Federal Power Commission. Under this system, price-setting was based on pro-B eginning in early 2002, prices of crude oil and natural gas began to trend upward. By September 2005, as the damage to the production, refining, and distribution facilities in the Gulf Coast by hurricanes Katrina and Rita became clearer, natural gas prices rose to record-high levels in both nominal and real dollar terms. Although crude oil prices rose to a record-high level in nominal terms, they remained below the recordhigh levels in real terms seen in early 1981. Previous research has shown that sharply higher oil prices have preceded all but one of the postWorld War II recessions. However, less is known about the relationship between rising natural gas prices and macroeconomic activity, despite the fact that many manufacturing industries and, increasingly, electric utilities are heavy consumers of natural gas. Accordingly, one might reasonably assume that record-high levels of natural gas prices might have significant adverse consequences for U.S. macroeconomic activity.
TRENDS IN NATURAL GAS PRICES
This article examines developments in natural duction costs and applications for rate increases moved slowly through the bureaucratic process. 1 As a result, prices changed very little from year to year. As seen in Figure 1 , from 1949 to 1978, wellhead prices averaged $0.21 per thousand cubic feet (mcf), with an annual standard deviation of $0.20 per mcf. 2 Although phased deregulation began with the passage of the Natural Gas Policy Act of 1978, prices began to rise in the mid-1970s, a period of turmoil in international energy markets that saw a sharp increase in crude oil prices. Eventually, natural gas prices peaked in 1984 at $2.66 per mcf (nominal). Prices subsequently retreated modestly and then remained fairly stable for several years: From 1986 to 1999, natural gas prices averaged $1.87 per mcf, with a standard deviation of $0.24 per year. Following the 2001 recession, natural gas prices began to rise noticeably. By 2004, gas prices in both real and nominal dollars were at record-high levels.
In late August 2005, Hurricane Katrina made landfall near New Orleans, Louisiana, and then about one month later, Hurricane Rita made landfall near the Texas-Louisiana border. These two hurricanes caused significant damage to the Gulf Coast's production, refining, and distribution facilities. In response, natural gas prices surged. Over the first seven months of 2005, natural gas prices at the wellhead averaged $6.06 per mcf. By August 30, a day after Katrina's landfall, prices in the spot market, which typically include a premium above the wellhead price, had surged pass $12 per million British thermal units (BTU), and by September 22, 2005, the day before Rita's landfall, the spot price had risen to $15.00 per million BTU. 3 Over the final four months of the year, with a significant percentage of natural gas production in the Gulf still shut-in, the wellhead price averaged approximately $10 per mcf.
Viewed from a slightly longer-term perspec-1 Yang (1977) and Ott and Tatom (1982b) discuss the history of natural gas regulation and deregulation.
2 The wellhead price is that received at the point of production (when the gas reaches the surface). According to the EIA, this price is calculated by dividing the total reported value at the wellhead by the total quantity produced. The latter is the amount reported by the appropriate agencies of individual producing states and the U.S. Mineral Management Service. The wellhead price includes all costs prior to shipment from the lease, including gathering and compression costs, in addition to state production, severance, and similar charges. See the glossary in the U.S. Energy Information Administration 's Annual Energy Review 2004 (2005 ; e.g., "mcf" indicates one thousand cubic feet and one cubic foot is equal to 1,031 BTU; www.eia.doe.gov/kids/energyfacts/science/ energy_calculator.html#natgascalc. tive, the hurricanes exacerbated recent trends in higher natural gas prices. In their August 9, 2005, Short-Term Energy Outlook (pre-Katrina), the U.S. Energy Information Administration (EIA) noted several factors that were expected to keep natural gas prices at high levels over the near term:
Dollars Per Thousand Cubic
The natural gas market is likely to stay tight over the next couple of months, with prices projected to rise further as the winter heating season increases demand. Although natural gas storage remains above the 5-year average, several factors are expected to continue to support high natural gas prices, including: high world oil prices; continued strength in the economy; the expectation that Pacific Northwest hydroelectric resources will be below normal through the rest of the year; limited prospects for growth in domestic natural gas production; and concerns about the potential effects of hurricanes.
U.S. NATURAL GAS CONSUMPTION
Rising natural gas prices are a concern in the macroeconomy because many industrial and utility sectors are intensive users of natural gas and most households rely on gas to heat their homes during the winter months. In late 2005, anecdotal reports from the manufacturing sector suggested that high energy prices had indeed raised input costs and precipitated price surcharges among some industries. Examples of this nature were regularly cited in the Institute for Supply Management Report on Business for the manufacturing and nonmanufacturing sectors and in the Federal Reserve's "Beige Book." The purpose of this section is to quantify natural gas usage in the U.S. economy-both in comparison with other sources of energy and usage by sector.
Petroleum products remain the largest source of energy for the U.S. economy. As seen in Figure 2 , 40.2 percent of U.S. energy consumption in 2004 (based on BTU) was derived from petroleum products such as oil, gasoline, and diesel fuel. Energy consumption derived from natural gas was the next largest source (23.1 percent), followed closely by coal (22.5 percent). The percentage of energy derived from natural gas consumption has been falling since 1971, when it peaked at nearly 32.4 percent of total BTU. By 1986, the percentage of total energy from natural gas had fallen to just under 22 percent; however, it has since stabilized. Consumption of nuclear energy and conventional hydroelectric power sources are significantly smaller, both less than 10 percent of the total. Table 1 details natural gas consumption in the economy by the four major end-use sectors (residential, commercial, industrial, and transportation) and by the electrical power-generating sector. Traditionally, the industrial sector has been a heavy consumer of natural gas. 4 For instance, in 1950 it accounted for nearly 60 percent of total natural gas consumption. 5 The next highest enduser was the residential sector (20.8 percent), followed by the commercial (6.7 percent) and transportation (2.2 percent) sectors. (See Table 1 for sector descriptions and definitions.) Over time, there has been a shift in usage shares away from the industrial sector toward the commercial and electrical power generation sectors. In 1950, the electric power sector accounted for about 11 percent of natural gas consumption, while the commercial sector consumed a little less than 7 percent. Since then the shares of the commercial and electrical-generation sectors have doubled, while there has been relatively little change in the share of natural gas consumed by the residential and transportation sectors. Although industrial usage still accounts for the largest share of total consumption in 2004, its share has declined by more than a third.
One of the purposes of this article is to assess whether changes in natural gas prices help to predict changes in the growth of manufacturing and aggregate output and whether changes in gas prices matter more than changes in crude oil prices. This is difficult to accomplish because energy consumption by industry is not available on a timely basis. However, the EIA periodically surveys manufacturers about their energy use. This is known as the Manufacturing Energy Consumption Survey (MECS).
According to the 2002 (latest) MECS, six industries accounted for a little more than 83 percent, or 5,400 trillion BTU, of the roughly 6,500 trillion BTU of natural gas consumed by manufacturers in 2002: chemicals, petroleum and coal products, primary metals, food, paper, and nonmetallic mineral products (see Table 2 ). The chemical industry consumed the most natural gas (2,307 trillion), accounting for about 36 percent of the total manufacturing BTU usage. The next largest user, petroleum and coal products, used about a third as much natural gas as the chemical industry. In terms of their relative importance, these industries accounted for about 30 percent of total industrial production in 2005. Table 2 also shows that there are four industries that derive at least 50 percent of their energy demand from natural gas: leather and allied products, fabricated metal products, apparel, and food. However, these four gas-intensive industries combined NOTE: *"Total" is the sum of all of the listed energy sources, including "miscellaneous manufacturing," minus the shipments of energy sources produced onsite. It is the total amount of first use of energy for all (fuel and nonfuel) purposes. † "Natural gas" includes natural gas obtained from utilities, local distribution companies, and any other suppliers, such as independent gas producers, gas brokers, marketers, and any marketing subsidiaries of utilities. ‡ Relative importance estimates the contribution of the industry to the growth of total industrial production in the following year. (Table 1. 2) (www.eia.doe.gov/emeu/ mecs/mecs2002/data02/shelltables.html) and Board of Governors of the Federal Reserve System (industrial production data).
SOURCE: U.S. Energy Information Administration, 2002 Energy Consumption by Manufacturers
account for a much smaller share of industrial production, about 15 percent. Table 3 provides an alternative method of measuring the intensity of natural gas usage. This table shows the dollar value of the industry's total expenditures on natural gas as a percent of its total shipments in the 2002 and 1998 MECS years. Recall from Table 2 that the three most gas-intensive industries were leather and allied products, fabricated metal products, and apparel. Each of these three industries relies on natural gas for more than 50 percent of its total BTU usage. As shown in Table 3 , though, the three most gasintensive industries in 2002 were primary metals, nonmetallic mineral products, and chemicals. The paper and petroleum and coal products industries were the only other industries where expenditures were more than 1 percent of total industry shipments in 2002. Compared with 1998, expenditures on natural gas as a share of shipments for all industries rose from about 0.5 percent to 0.6 percent, even though the nominal price of natural gas rose by slightly more than 50 percent. Still, as a percent of total shipments, expenditures on natural gas are fairly small for all manufacturing industries. 
ENERGY PRICES AND THE MACROECONOMY
Economic theory predicts that a large increase in the relative price of energy will increase the per-unit cost of output, thus increasing the output (supply) price. Hence, in the standard textbook model (for example, see Abel and Bernanke, 2005) , a rise in energy prices, in the absence of a fiscal or monetary policy response, reduces aggregate output and employment and raises the price level. One rule of thumb is that a $10 per barrel rise in oil prices will reduce real GDP by 0.4 percent after four quarters. 6 As an important energy input in the U.S. economy, increases in natural gas prices would be expected to have virtually the same effect in the textbook model as a rise in crude oil prices. Accordingly, one should expect that the effects of an increase or decrease in natural gas prices on economic activity would be conceptually similar as that for crude oil prices.
Oil Price Effects
There is much research that explores the relationship between energy prices and economic activity, and a reading of this literature suggests that oil prices matter. This should probably not be surprising given that petroleum still accounts for 40 percent of U.S. energy usage. The prevailing view is that increases in oil prices reduce real GDP growth for several quarters. The size of the effect varies, but earlier studies seem to suggest larger effects than later studies. This could reflect the fact that the U.S. economy has become more energy efficient over time. 7 For a recent survey, see Jones, Leiby, and Paik (2004) . Hamilton (1983) , among many others, has documented a negative and significant relation between oil price changes and future GDP growth. Early research efforts by the Energy Modeling Forum at Stanford University (1987), which employed several well-known macroeconomic forecasting models in use at the time, were consistent with Hamilton's findings. Conversely, recent research by Barsky and Kilian (2004) suggest that the causality runs in the other direction. That is, stronger (weaker) macroeconomic growth increases (decreases) the demand for oil and thus the price of oil. Hooker (1996) found that Hamilton's result breaks down after 1986, a year in which, perhaps not coincidentally, there was a sharp, unexpected drop in oil prices. The unstable oil-macroeconomy relation possibly reflected the fact that Hamilton had implicitly assumed a symmetric effect of oil shocks in his linear specification: An increase (decrease) in oil prices reduces (raises) future GDP growth. This specification is consistent with the view of some transmission channels-for example, Rasche and Tatom (1977a,b) , Baily (1981 ), Energy Modeling Forum (1987 ), and Wei (2003 . 8 However, the effect can be also asymmetric. In particular, a sharp oil price change-either increase or decrease-affects the macroeconomy adversely for at least two reasons. First, it raises uncertainty about future oil prices and thus causes delays in business investment (e.g., Bernanke, 1983, and Pindyck, 1991) . Similarly, Guo and Kliesen (2005) found that oil price volatility-a measure of uncertainty-reduced real GDP growth and other measures of macroeconomic activity over the period . Second, it induces costly resource reallocations (e.g., Lilien, 1982, and Hamilton, 1988) . Overall, whereas an oil price increase has a negative effect on future GDP growth, the effect of an oil price decrease is ambiguous. Subsequent work by Hamilton (1996 and revealed asymmetries with respect to oil price changes and real GDP growth.
Natural Gas Price Effects
The literature examining the relationship between natural gas prices and macroeconomic activity appears to be considerably more sparse. However, because natural gas consumption in the aggregate economy is about half as much as petroleum (in terms of BTU), it might be reasonable to conclude that rising natural gas prices might have smaller aggregate effects than do oil prices. Early work in this area appeared in a special issue of the October 1982 Contemporary Policy Issues. There were three papers in this issue that studied the effects of lifting natural gas price controls (i) on regional economic activity (Leone, 1982) , (ii) on the distribution of income between households and suppliers (Stockfisch, 1982) , and (iii) on inflation (Ott and Tatom, 1982a) . The general conclusion of the papers was that the presumed effects of natural gas decontrol (higher prices, higher inflation, and falling real incomes) were not expected to be significant. According to the Energy Modeling Forum (1987), a 10 percent increase in natural gas prices was found to have roughly the same effect on real GDP growth (two years after the shock) as a 20 percent increase in oil prices. According to the median result of 11 models, a 50 percent oil shock reduced real gross national product by about 1.5 percent after one year and by a little less than 3 percent by the end of two years. 9 At the disaggregated level, Cullen, Friedberg, and Wolfram (2005) However, because some manufacturing industries are more natural gas-intensive than others, it is possible that the disaggregated effects are more significant. The next section examines this issue.
EMPIRICAL ANALYSIS
This analysis will test whether higher natural gas prices predict the growth of U.S. manufacturing output and real GDP: Aggregate manufacturing output will be measured using the manufacturing component of the industrial production (IP) index; the disaggregated measures are IP output at the three-digit NAICS level for all manufacturing industries. 11 The IP indices are published monthly by the Federal Reserve Board of Governors. The natural gas price data series used in the empirical analysis is the producer price index (PPI) for natural gas, which is a commodity index published monthly by the Bureau of Labor Statistics. One potential shortcoming of this approach is that natural gas prices paid can vary significantly across industries. For example, the 2002 MECS found that the average price paid by three-digit NAICS industries varied between $3.37 and $5.47 per million BTU; the standard deviation was $0.57 per million BTU. Although the use of price-hedging arrangements such as fixed-price or futures markets contracts may allow some firms to pay less on average than other firms, it seems reasonable to conclude that, eventually, all firms must bear price increases or decreases based on market trends.
The empirical analysis will follow the general form of a simple least-squares regression:
(1) where a t is a constant, X t is output, and P t is the PPI measure of natural gas prices. The maximum lag length is set to 12 for the monthly analysis and 4 for the quarterly analysis, and the optimum lag length is determined by using the Akaike information criterion (AIC) statistic. The sample period begins in January 1979, which immediately fol-
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9 Using a general-equilibrium framework, Guerrieri (2005) found that a 50 percent permanent increase in the price of oil reduced U.S. real GDP growth by 0.6 percent after one year and 1.9 percent after two years (relative to the baseline forecast).
lows the commencement of U.S. natural gas deregulation, and extends through February 2006. The results are reported in Table 4 . 12 Each row reports the results of separate regressions for total manufacturing output and industry output at the three-digit NAICS level. Following Hamilton (2003) , the table regresses contemporaneous output growth (log change) on an equal number of its lags and lags in the log change in natural gas prices. As Hamilton showed, even though the individual coefficients of the lagged energy prices may not be significantly different from zero, collectively they may be significantly different from IP is industrial production (total and individual industry), and PPI_NatGas is the producer price index for gas fuels. The p-values are from the test of the null that all of the lags of PPI_NatGas are equal to zero. The optimum lag length chosen by the AIC statistic. For the reported p-values, ***, **, and * denote significance at the 1, 5, and 10 percent levels, respectively.
PPI NatGas e t i i n
In results not reported here, the growth of U.S. manufacturing output (log change) was regressed on a constant, the growth (log change) in natural gas prices, and its coefficient was positive and not significantly different from zero. In fact, the adjusted R 2 of the equation was negative. This regression was subsequently augmented (i) with last period's output growth and (ii) by cyclical changes in economic activity, as measured by the unemployment rate. The adjusted R 2 of the final specification was only about 20 percent. For brevity, the results are not published here, but are available from the author.
zero. 13 As indicated by the p-value, a simple F-test is used to determine whether the sum of the coefficients on the natural gas prices is significantly different from zero. The results in Table 4 are revealing. First, changes in natural gas prices do not significantly predict total manufacturing output. Although the sum of the coefficients in the aggregate regression is positive, it is not significantly different from zero. Second, regressions at the three-digit NAICS level reveal that the furniture and related products sector is the only industry where changes in natural gas prices help to predict output growth. In this case, the sum of the coefficients is negative, as expected, and significant at the 10 percent level. The other regressions in Table 4 suggest that changes in natural gas prices do not help to predict output growth for the remaining industries. In fact, the sum of the coefficients for 6 of the 21 industries is positive, with 12 of the industries reporting p-values greater than 0.5. Hamilton (2003) showed that an asymmetric measure of oil prices helps explain real GDP growth. To test whether there are similar asymmetries with respect to natural gas prices, this article constructs two transformations of monthly natural gas prices that are consistent with his findings. The first is the percentage difference in the maximum price (log) over the most recent 12 months. The second uses a 36-month interval. If the percentage difference is negative, that month's observation is arbitrarily set to zero. Thus, in the Hamilton framework, only energy price increases matter; energy price decreases do not matter. Figure 3 plots the transformation for crude oil and natural gas prices for the 36-month interval. The figure shows that price increases for crude oil tend to be larger before 1990, while natural gas price increases tend to be larger after 1990.
Using An Alternative Measure of Natural Gas Prices
Tables 5 and 6 attempt to assess whether Hamilton's transformations for natural gas and crude oil prices help to explain growth of manufacturing output at the aggregate and disaggregated level. IP is industrial production (total and individual industry), and H1.PPI_Energy is the producer price index for natural gas and domestic crude petroleum production transformed according to Hamilton (2003) ; the transformation period is 12 months. The p-values are from the test of the null that all of the lags of H1.PPI_NatGas are equal to zero. For the reported p-values, ***, **, and * denote significance at the 1, 5, and 10 percent levels, respectively. † The optimum lag length was chosen by the AIC statistic. IP is industrial production (total and individual industry) and H3.PPI_Energy is the producer price index for natural gas and domestic crude petroleum production transformed according to Hamilton (2003) ; the transformation period is 36 months. The p-values are from the test of the null that all of the lags of H3.PPI_NatGas are equal to zero. For the reported p-values, ***, **, and * denote significance at the 1, 5, and 10 percent levels, respectively. † The optimum lag length was chosen by the AIC statistic. Table 6 uses price changes over a 36-month period. The latter corresponds with the 3-year period that Hamilton used in his 2003 article. As in Table 4 , Tables 5 and 6 report the number of significant lags of the natural gas variable based on the AIC criteria, as well as the sum of the coefficients of the lags. The tables also report the p-values for the lags at the conventional 1, 5, and 10 percent levels of significance. Switching to the Hamilton transformation for natural gas prices produces results that are broadly consistent with the theory noted above. Table 5 shows that, for total manufacturing output, the sum of the lagged coefficients on gas prices is negative (first line); however, they are still not significantly different from zero (p-value of 0.56). This result is essentially the same for crude oil prices. Table 5 also shows that when Hamilton's 12-month specification is used, the number of industries where increases in gas prices significantly predict industry output growth increases from one to two: textile mills and paper products. In both cases, the effects of higher gas prices linger from 6 to 12 months. Perhaps of greater interest, Table 5 also shows that there are six manufacturing industries that are significantly affected by changes in crude oil prices-three times the number that are affected by increases in natural gas prices. The sum of the coefficients on each of these industries is the expected sign. Table 6 is an extension of Table 5 . In this case, results are reported using the 36-month specification. In this specification, changes in natural gas prices have a negative effect on the growth of manufacturing output (line 1), but the p-value is still insignificant (0.37). Unlike Table 5 , which showed comparable results for increases in oil and gas prices on total manufacturing output, the first line of Table 6 shows that the sum of the coefficients on crude oil prices (-0.044) is more than twice as large as that for natural gas prices (-0.019), but the p-value for crude oil is not significant. Another interesting difference between the results in Tables 5 and 6 is that the number of industries that are significantly affected by changes in natural gas prices increases from two to seven. As before, the sum of the coefficients is still negative. Combined, these seven industries comprise about a quarter of manufacturing's total weight in IP (reported in Table 2 ). Also of interest, higher gas prices do not significantly help predict output growth in the three industries where expenditures on natural gas were the largest percentage of total industry shipments: primary metals, nonmetallic mineral products, and chemicals (see Table 3 ). This might explain why the aggregate effect (line 1) is not significant. As an aside, the finding for the chemical industry is particularly interesting, since it is by far the largest user of natural gas (see Table 2 ).
Finally, Table 6 shows that increases in crude oil prices have similar predictive effects on output when the Hamilton specification is extended to 36 months. In this case, the number of industries where increases in crude oil prices significantly predict output increases from six to seven. Again, the sum of the coefficients in each case has the expected negative sign. As with the seven industries in the previous paragraph, these seven industries also combine to comprise about a quarter of manufacturing's weight in IP.
Extending the Analysis to the Aggregate Level
The basic conclusion of the results presented in Tables 5 and 6 is that crude oil prices seem to have a more significant predictive effect for manufacturing industry output growth using Hamilton's 12-month specification, but essentially comparable effects when the specification is extended to 36 months. Table 7 reports an extended version of Hamilton's findings to assess whether this finding holds for real GDP. Hamilton (2003) found that the explanatory power of his 3-year specification for oil price increases was much more significant than the 1-year specification in explaining real GDP growth. 14 Using data from the first quarter of 1979 through the fourth quarter of 2005, Table  7 shows that this is still the case: The p-value using Hamilton's 12-quarter specification is significant, Table 7 uses four lags and it adopts Hamilton's convention of using the log change in quarterly real GDP (not annualized).
but it is not significant for the 4-quarter transformation. Table 7 also reports tests of whether changes in natural gas prices predict real GDP growth. The evidence presented in the table suggests that that is not the case. Unlike increases in crude oil prices, increases in natural gas prices do not significantly predict real GDP growth using either of Hamilton's specifications. These results are generally consistent with the total manufacturing results reported earlier.
CONCLUSION
In the aftermath of the disruptions caused by hurricanes Katrina and Rita, natural gas prices faced by consumers and producers rose to recordhigh levels. Because natural gas is the second most important energy source for the economy, there was widespread concern that these high prices might cause a significant slowing in the economy and among those manufacturing industries that depend heavily on natural gas as a source of energy. The analysis presented in this article offers some support for the latter contention, but only when prices are transformed according to the specification suggested by Hamilton. However, the results using Hamilton's specifications indicate that changes in natural gas prices do not cause significant output effects for the two manufacturers that are the most-intensive users of natural gas (primary metals and nonmetallic mineral products), although they do cause significant output effects for other, less-intensive manufacturers (such as machinery and computers and electrical products). While perhaps significant, this result must be balanced against the finding that, when the analysis is extended to the macroeconomy (real GDP), increases in crude oil prices significantly predict real GDP growth, but natural gas prices do not. Table 7 Do Changes in Natural Gas Prices Matter for Real GDP Growth?
Hamilton regressions: energy prices F-Statistic p-Value
4-Quarter transformation
Crude oil prices 1.349 0.258
Natural gas prices 0.549 0.701
12-Quarter transformation
Crude oil prices 3.550*** 0.0096
Natural gas prices 1.613 0.177
The regressions present statistics from the following specification:
where n = 4. PPI_Energy is the producer price index for gas fuels and domestic crude petroleum production transformed according to Hamilton (2003 
